We present a general model-independent and rephase-invariant formalism that cleanly relates CP and CPT noninvariant observables to the fundamental parameters. Different types of CP and CPT violations in the K 0 -, B 0 -, B 0 s -and D 0 -systems are explicitly defined. Their importance for interpreting experimental measurements of CP and CPT violations is emphasized. In particular, we show that the timedependent measurements allow one to extract a clean signature of CPT violation.
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Testing Rephase-Invariant CP-and CPT-violating Observables in the K Introduction. Parity reflection(P), time reversal (T) and charge conjugation (C) as well as their combinations such as CP and CPT are used to describe fundamental symmetries of nature concerning spacetime and particle-antiparticle conjugation. In 1956, it was first discovered [1] that P and C were not conserved in the nucleon and pion decays [2, 3, 4] . Several years later, CP invariance was also surprisingly found to be violated in the kaon system [5] . It is then natural to check how well CPT is conserved. Using all existing experimental data in the neutral kaon system, only bounds on differences in CPT-violating parameters can be established [6] . From theoretical considerations, the CPT theorem [7] is based on local quantum field theory. Thus any extensions of local quantum field theory could lead to CPT violating effects. String theories, for instance, are fundamentally nonlocal. It is then necessary for both theorists and experimentalists to investigate physical observables without assuming P, C, T, CP and CPT conservations.
There is also a branch of the literature that discusses the CPT-violating effects based on density matrix formalism [8] . As physical observables should be rephase invariant, we will generalize the formalism given in ref. [9] for the CPT conserving case and present in this paper a more general model-independent rephase invariant formalism that cleanly relates observables to the fundamental parameters and allows for an explicit classification of different types of CP and CPT violations in the K−, B− and D− systems. In particular, we will show how to extract a clean signature on CPT violation. A Φ-factory, like DAΦNE, offers the unique possibility to make a clean test of the CPT symmetry in the neutral kaon sysytem [10] . 
with normalization
As will be seen, the difference between q S /p S and q L /p L represents a signal of CPT violation. The eigenvalues of the above two states are generally written as
The evolution of these two physical states is then simply given by
Writing the evolution of M 0 andM 0 as
with H ij = M ij − iΓ ij /2 the mixing matrix elements, we arrive at the following relations
where we have introduced two parameters ǫ M and ∆ M following the ref. [12] . If CPT is a good symmetry, M 11 = M 22 and Γ 11 = Γ 22 . ǫ M describes CP violation with T nonconservation and ∆ M characterizes CPT violation with CP nonconservation. They are related to ǫ S and ǫ L via
which are reduced to those given in [12] when neglecting the quadratic term ǫ M ∆ M . Note that ∆ M is rephase invariant, but ǫ M is not.
Rephase-invariant CP and CPT observables. Let f denote the final decay state of the neutral meson andf its charge conjugate state. In order to discuss both CP and CPT nonconservation effects in the amplitudes, following the ref. [13] , we introduce explicitly CPT-violating amplitudes. The decay amplitudes of M 0 andM 0 are defined as
where the complex amplitudes A i and C i are CPT conserving amplitudes and the complex amplitudes B i and D i represent CPT violating amplitudes. δ i are strong phases and the indices i = 1, 2, · · · denote possible strong interacting final states such as the different isospin states. Parameters containing direct CP and CPT violations are defined by
Note that the above parameters are not physical observables since they are not rephaseinvariant. Let us introduce CP-and CPT-violating observables by considering the ratio,
which enters to the time evolution of the decay amplitudes. The ratios r
, it is not difficult to show thatη f can be rewritten asη
where we have used the definitions
and the definitionŝ
The reader should note that quantities without a hat have only CP non-conserving effects, and with a hat contain both CP-and CPT-nonconserving effects.
As a ǫ ,â ǫ ′ ,â ǫ+ǫ ′ andâ ǫǫ ′ are all rephase-invariant, so also areâ ǫ S +ǫ ′ andâ ǫ S ǫ ′ . Note that only three of them are independent since (1 − a
Another rephase-invariant direct CP and CPT noninvariant observable is defined aŝ
where
Here ∆ i are rephase-invariant quantities and characterize direct CPT violations in the decay amplitudes. Analogously, one haŝ
andâǭ
One of the interesting cases is when the final states are CP eigenstates, i.e., f CP = f . In this case one has h =ḡ (or C = A and D = B). As a consequence, we find
We have thus defined all possible rephase-invariant CP and CPT noninvariant observables in terms of eight parameters related to CP and CPT violations arising from mixing or amplitude phases. The eight parameters are: ǫ M is an indirect CP-violating parameter and ∆ M the indirect CPT-violating parameters; the parameters ε M andε M will be decomposed into four parameters, ǫ
M contain the ratio of the two decay amplitudes and can be associated with direct CP and CPT violation as well as the interference between indirect and direct CP and CPT violations. All the CP and CPT violations can be well defined and in general classified into the following types:
1. purely indirect CP and CPT violations which are given by the rephase-invariant CP-violating observable a ǫ and CPT-violating observables a ∆ and a ′ ∆ .
2. purely direct CP and CPT violations which are characterized by the rephase-invariant CP-violating observables a ǫ ′′ and aǭ′′ and CPT-violating observables a ε∆ , a
′ε∆ , a∆∆ and a ′∆∆ .
3. Mixed-induced CP and CPT violations which are described by CP-violating observables a ǫ+ǫ ′ and a ǫ+ǭ ′ and CPT-violating observables
For the case that the final states are CP eigenstates, one hasâ ǫ ′ =â ǫ ′′ =âǭ′ =âǭ′′. Thus, in this caseâ ǫ ′ andâǭ′ also indicate purely direct CP and CPT violations. When the final states are not CP eigenstates,â ǫ ′ andâǭ′ do not, in general, provide a clear signal of direct CP violation although they contain direct CP and CPT violations. Their deviation from a ǫ ′ = ±1, 0 andâǭ′ = ∓1, 0 can arise from different CKM angles, final state interactions, or different hadronic form factors, but not necessarily from CP and CPT violations.
Extraction of Rephase-invariant CP-and CPT-violating Observables. In order to measure the rephase-invariant observables defined above, we consider the proper time evolution [14] of the neutral mesons
with
Thus the decay amplitudes of M 0 andM 0 at the time t will be given by
¿From there it is not difficult to show that the time-dependent decay rates are
where ∆Γ = Γ 2 − Γ 1 and ∆m = m 2 − m 1 . Here we have omitted the integral of the phase space. Similarly, one can easily write down the decay rates Γ(M 0 (t) →f ) and Γ(M 0 (t) → f ), and then the time-dependent CP and CPT asymmetries are defined by the difference between two decay rates. One can in general introduce several asymmetries from the four time-dependent decay rates
and Γ(M 0 (t) → f ) . To apply the above general analyses to specific processes, as in the ref. [9] we may classify the processes into four scenarios: 
This scenario also applies to charged meson decays. 
This reconstruction is meaningful since π − ρ + and π + ρ − have the same weak phase as they contain the same quark content. 
, both f andf are the common final states of M 0 and M 0 , but they are not CP eigenstates. This is the most general case. For example,
In this paper, we will only consider the first two scenarios. In the scenario i), one has:
For this case, the time-dependent rates of eqs. (25) and (26) will become very simple,
It is not difficult to show that other two time-dependent decay rates can be simply expressed as
With these four decay rates, we can define three asymmetries
When neglecting the quadratic and high order terms of the CP and CPT violating parameters (i.e., a
∆ sin ∆mt cosh ∆Γt − a ǫ cos ∆mt − a ∆ sinh ∆Γt + a ′ ∆ sin ∆mt ¿From the time-dependent measurements of the above asymmetries, one shall be able to extract all observables: ∆m, ∆Γ, a ǫ , a ∆ , a
Before proceeding, we would like to address two points: First, concerning the test of CPT symmetry, as long as the experimental measurements show that the asymmetry A CP +CP T (t) is not a constant and depends on time, it then provides a clean signature of indirect CPT violation from mixings. Second, for the semileptonic decays M 0 → M ′ − lν and also for the decay modes in which the final state interactions are absent, one has a ǫ ′′ = 0, a ′ ∆∆ = 0, a ′ ε∆ = 0 andâ ǫ ′′ = a ε∆ /(1 + a ∆∆ ), thus nonzeroâ ǫ ′′ will represent direct CPT violation from amplitudes. In fact, for this case, once the asymmetry A CP +CP T (t) is not zero, then CPT must be violated.
We now discuss the scenario ii) in which a ǫ ′ = a ǫ ′′ = aǭ′ = aǭ′′ and a ǫ+ǫ ′ = a ǫ+ǭ ′ . Thus, the time-dependent asymmetry simplifies to
and
∆ ) 2 (cos ∆mt − cosh ∆Γt) Note that when CPT is conserved, ∆ CP T (t) = ∆ ′ CP T = 0. Let us suppose that the rephase-invariant CP-and CPT-violating observables are small. To the first order of those observables, one obtains by using the relations and definitions in eqs. (13)- (23) the following simplified formalism for the asymmetry
It is seen that from the above time-dependent evolution A CP +CP T (t) one is able to extract three physical quantities: one of them is the direct CP and CPT noninvariant observablê a ǫ ′ and the others are the combinations of CP and CPT noninvariant observables (a ǫ +a ∆ ) and (a ′ ∆ +â ǫ+ǫ ′ ). When combining the measurements in scenario (i), in which the indirect CP and CPT noninvariant observables a ǫ , a ∆ and a ′ ∆ are expected to be determined, one will be able to extract the mixed-induced CP and CPT noninvariant observableâ ǫ+ǫ ′ . Thus, studies of scenarios (i) and (ii) allow us to separate the three types of CP and CPT violations.
From eqs. (17), (18), (21) and (22) it may be noticed that the observablesâ ǫ ′ andâ ǫ+ǫ ′ concern both CP and CPT violations. In general, it is hard to clearly separate CP violation from CPT violation in the decay amplitudes, but it would be of interest to look for possibilities of establishing CPT violation arising from the decay amplitudes. To be explicit, we consider the specific decay modes
When neglecting high order terms, we havê
Using the isospin symmetry, we find (i = 0, 2) the amplitudes for the decay modes 
with a 0 ε∆ = 2Re∆ 0 = 2Re In summary, we have developed the general model-independent and rephase-invariant formalism for testing CP-and CPT-noninvariant observables. In addition to the formalism used in a branch of the literature [6] based on the density matrix approach, this article presents a complete time-dependent and rephase-invariant formulation, which cleanly relate CP and CPT noninvariant observables to fundamental parameters. Extraction of a clean signature on CP and CPT violations will play an important role in testing the standard model and local quantum field theory and provide us an interesting window to probe new physics. For these reasons, this topic attracts a lot of attention [15] , and we hope that the general rephase-invariant formalism presented in this paper will be useful for further studies of CP and CPT violating observables in the neutral meson systems at B-factories, Φ-factory and colliders.
